LA-UR -85-1526 RECEIVED BY OSTF  JUNO 7 1885

(ONF- G50TOH -

Los Alamos Naticna!
8! Laborsiory is operated by the Univerelty of Calitornia for the United Siates Department of Energy under contract W-7405-ENG 38

LA-UR--85-1526

DE85 012693
TITLE: THE RF PROGRAM FOR LAMPF II

E]

AUTHOR(S): FEugene P, Colton, MP-14.

SUBMITTED TO: 1985 Particle Accelerator Conference, Vancouver, B,C., Canada

May 13-16, 1985.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States

Government. Neither the United States Government nor any agency thereof, nor any of their

cmployces, makes any warranty, express or implied, or assumes any legal liability or responsi- =,
bilit for the nceuracy, completeness, or uselulness «f any information, apparatus, product, or ' ‘ L '
process disclosed, or represents that its use would not infringe privately owned rights. Refer- \
ence hercin to any specific commercial product, process, or service by trade name, trademark,

munufacturer, or utherwise docs not necessarily constitate or imply its endorsement, recom-

mendation, or favoring by the United States Government or any ugency thereof. The views

wnd opinions of authors expressed herein do not necessarily state or reflect those of the

{ Inited States CGiovernment or any agency thereof.

Mgy
By accepta fth DISTAISioN or TS Dackneny i AR
nce of this article. |
article. the publisher recognizes that the U.S Government retains a nonexclusive, toyalty-ree lianse to publish o1 reproduce }

the published form of this contribution, or to aliow others to do so, for U.S Government purpose g |
' . 1 ]

'he Los amos ol La L4 th ’ t nm f Ener
¥ os Alam Nation W.‘W nu‘.'. that the p\lbluhﬂ k’.ﬂ!l'y is article as work D."O med under the lulptm ofthe US ma. ont Of Y
org

L@S A @Wﬂ@g Les Alamos National Laboratorg

Los Alamos,New Mexico 8754


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


THE RF PROGRAM FOR LAMPF II

Eugene P, Colton
Los Alamos National Laboratory, los Alamos, NM 87545

The rf program is chosen to maintain a bucket/
bunch area ratio of at least two during rf capture,
acceleration, injection, and extraction. At 0.797 GeV
the beam bunch area 1s 0.0635 eVs. We show the
behavior of the rms bunch 1length and dp/p during
acceleration. T rf system must provide a voltage of
1.59 MV/turn for the booster and 5.0 MV/turn for the
main ring.

I. Introduction

In this work we describe the operation of the rf
system for both the LAMPF I1 booster and main ring.
These facilities are being proposed for a high-

intensity kaon factory. The 1 mA LAMPF Linac would be
an B injector for the booster. After gtripping to H+,
the booster would accelerate 1.5 x 10! protons from
0.797-7.3 GeV kinetic energy. The repetition rate
would be 60 Hz. Four booster pulses fill the main ring
in box-car fashion. The main ring then accelerates

6 x 10'° protons from 7.3-45.0 GeV with a repetition
rate 1in the 3-4 Hz range. 1In Sec. II we describe the
magnet program and rf system requirements. In.

Secs ITI we discuss the injection and acceleration in
both machines as well as the matching. Beam loading
and power requi:rements are treated in Sec. IV.

I1. Syetem Requirements

A. Booster

The 162/3 m8 cycle 1includes | ms for injection,
11.75 ne for acceleration, and 3.92 ms for reset, The
power supply has been described by Praeg.! The time-
dependent magnet waveform dictates an energy gain/turn
given by

Cnf, s -
AEs(t) = — (pe-p c) siu(anBt) (1)
[

where C {8 the circumfercnce C = 350,87 m, f_ 1s the
acceleration magnet rise frequency fu w 42.55 Rz, and
p'/p+ is the initial/final momeuntum (p~ = l.463 GeV/c
and p’ = B.185 GeV/c). The peak AEs = 1052 KV/ turn.
A single rf system delivers an energy gain/tu-n for the
synchronous particle given by AEs - eV, s!n¢8(t) where

¢g 1t the synchronous phase angle, and V, is “he net
cavity voltage.
B Main king

Initially we connidered a magnet waveform similar
to that of the booster but with a 3 Hz cycls., A cycle
includes 50 me for fnjection of forr looster pulses,
7.5 ms for acceleration, 166.67 ma for slow extr ~tion
and 29,167 ms for reset. We evaluate Fq. (1) wit C -

192,92 m,  p~ = B, 185 GeV/e, pt o= 45,929 GeV/e, and

f = 5,714 Hz; the maxleum AE, = 2,99 MeV. We have
nTao congiderad an accelerating magnet waveform which
is linear B = constant. 1In this care the energy gain
per turn s AE_(t) = C(dp/dt). We may adopt this
procedure {n the Tuture, but in this work we Junst

conufder the sinurofdal waveform of ¥q. (1).

IT1.  Dynamicw

A:_ Rooater RF Capture

The  LAMPF micropaluen
macropulse («1.0 mu).

will bhe fnjected for ons
The rf freqaency fa 50,3125 MHz

and the harmonic umber h = fpp/f . = 70. The micro-
pulses will be prebunched to a 19.5 nc spacing and syn-
chronously 1njected 1into sixty of the booster rf
buckets. A hole of ten buckets must be left for the
extraction process. The rf capture voltage is
700 kV/turn. The injected particles occupy 100 of rf
phase with bunch area 0.0635 eVs and Ap/p = $0.3%Z. The
ratio of bucket to bunch area is ~2, Figure 1 shows
the stationary hucket and beam bunch for the booster
with 1.50 x 10"~ protons in the machine. The reduction
in bucket srea due to longitudinal space charge 1is
small (~2.02). The small-amplitude syanchrotron tune
Veo 18 0.044.

B, Booster Acceleration

The voltage V_  and phase (  were chosen to supply
the required AEs?t) as spec?fled by Eq. (1). Fig-
ure 2(a) shows the time devendence of V,, ¢,, vy, and
the bucket area Ab.z The program was chosen to conserve
the bucket area until V_ reached 1.59 MV, then to hold
this voltage until 6.8 ms. into the cycle, after which
Vo 18 reduced linearly to its final value of 1 MV; ¢,
is sin” (AE /eV,).

We have calculated the time dependence of the rms
bunch length 8 (in units of rf phase) and the rms dp/p
which we call §. Figure 3 shows these two quantities
obtained using the rf program shown in Fig. 2(a). An
ervelope equation 18 used for the time dependence of @
using the prescription of Sacherer.? The equation 1is
written as"

o
@

af 2
) +e0+ - (5 .o (2)

t 8 LAY

r = - h2n/(mR2y), 8 = - eV cos$g/(2xh), S 1s the
longitudinal area of the bunch, R {8 the
radius (C/2v), n = 1/¥2 - 1/y, 2, and m s the

proton mass. The te.m Qf, represents the longitudinal

space-charge force. 2 {s equal to 3r_mc2h/R ghere r

i8 the classical proton radius - 1.52 x 10719 g and

f is given by

|~

d
Pt

(-

vhere
TameS,
machine

8 7y,
b, =2 - =] N &)
242 o T
where y = E/mpcf, z, 1s the impedance of free space

7o = 377 ohms, and g, = 1 +2¢n(b/a), where b/a 1is the
ratio of beam pipe to beam diamecter (~ 2 at injection).

The broadband wall impedance term ZL/n acts in an
opposite sense, and N 1s the number of protone in a
bunch, The expression for § is
he§ o0 do 2, 1,2,1/2
§ m e (e =) (= 4)
Rpen l(.‘s’r dtJ (0] ] ¢
For the booster we rasume IZL/nf = 10 ohms, N =

2% x 10 protons, vy, is imaginary vy, = 114, and § =
0.063%/4 eVe.  Equation (2) was numerically {ntegrated
uaing a  fourth-order Runga-Kutta method. The final

valves are 8 = 0,252 (14.4°) and § = 0.092%,

Lo  Main Ring Injection

Four auccensive batchen of 1.9 x l()l1 protons from
the 60 Hz hon3§%r are injected into the main ring at
{ntervalu of 167 " mr. The filling procenn takes 50 mw
and ntacking 1m done in hox-car fashion. Fach batch {a
separated by e.p., nix empty bucketw to allow for rice
and fall timen of the injection klr.k--ru1 The main ring
harmonic number {a 264 wso the 6 x 1077 protons are



stored in 240 bunches. The rf voltage for the 50 ms
injection phase fs 1 MV/turn and the bucket arera 1is
0.788 eVs. This value 18 mi'ch larger than the injected
bean ares (the bunch area 1s 0.0635 eVs).

D. Main Ring Acceleration

The voltage V_ and phase ¢, were chosen to supply
the required AE, t) as spec!fied by Eq. (1). PFig-
ure 4(a) shows the time dependence of Vor $gs and the
bucket area A .2 The program was chosen to conserve the

bucket area until Yo reached 5.0 MV, and then to hold

this  value throughout the acceleration; ¢, 1is
ltn-l(AE./evo). Figure 5 shows the time dependence of
the ™me © and §. We used y§ = 6.0322, |Z;/n| = 10

ohms, and the booster vaiue for (0.0635/4 evs).5 The

final values are 6 = 0,244 and § = 0.017%,

E. Matching

The output booster values 8 = 0,252 and § = 0.092%
are unequal to the required starting values for the
main ring 8 = 0,383 and 6§ =0.061% (see Fig. 5).
Matching can be effected by performing rf manipulations
in the booster just prior to extraction. One technique
to increase the booster bunch length 18 just to reduce
the rf voltage abruptly, from say, 1.0 MV to 0.25 MV.
After 50-100 turns the bunch will have 1lengthened to
the corrzct va'ue expected in the main ring and the
beam can he transferred. A second technique 18 to
shift the rf phase by v to the unstable fixed point for
a preset number of turns, and then shift back by -n and
wait for s similar number of turns. With an rf voltage
of 1 MV the whole process will take about 30 turns for
the buuch to lengthen to the desired value.

IV. Beam Loading aund Power Requirements

With strong beam loading the rf cavities must be
detuned off resonance an angle ¢ in order to maintain
*he required energy gain/turn.® The angle is given by
tany = (Ib/Io)!cosos| vhere 1, 1s approximately 1.8
times the first harmonic of the beam current (at the rf
frequency)., The current I « VO/Rah where R, 1s the
total shunt resistance o? the cavities., Tﬂe ratio of
the power delivered to the beam divided by the power
dissipated 4in the cavities 18 denoted by R_ and is
given by = (I,/1,)aing . We define the  power
dissipated in the cav?ties as P, = vg/(ZRsh).

we require R, < 1.0; with a flux
and the rf program shown 1n

to a total shunt resistance of
2(b) the time
is the total power

For thg boosater
of 1.5 x 10! protcas

Fig. 2(a), this leads
535.2 K. For this case we show in Fig,
dependence of R, ¥, and Py where P

delivered to Ehe beam and cavities. The max{imum
generator power 18 near 4.5 MW, With sixteen cavities
the maximum cavity voltage would be 100 Kv, and tir

max{mum power dies:pation would be about 150 KW per
cavity. The amplifiers would have ¢to be capable of
280 KW output over a 20% freyuency swing (duc to the
change in g8 duriug the acceleration).

For the qnin ring we require R« 2,0; with a flux
of 6.0 x 10l protons and the Ff program shown in
Fig. 4(a), thins leads to a total ahunt resistance of
1864 K. Yor thia came we show In Fig, 4(bh) the time

dependence of R ., v, and Py where Py {8 the total power
delivered to ghp

heam and cavitiren, The maxlimum
generator powcr {8 near 9.75 MW, With forty cavities
the maximum cavity voltage would be 12% KV and the
maximum power dissipation would be ahout Rl KW per

cavity. The amplifiers would have to be capable of
24% KW « 'tput over a 0.67 frequency awiug.

Some

The rf dynamics seem to be 1in
changes
system regarding the large detuning angles.

reasonable shape,
for the rain ring rf
Feedback

may be in order

systems need to be considered to cope with the Robinson
stability criteria.”?
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Fiﬁure Captions

Injection stationary bucket for booster for
Vo = 0.7 MV, Dots represent beam bunch
generated uniformly iu ¢~dp/p space.

RF program for booster during the (1.75 ms
acceleration cycle. Vo is rf voltage, Vao
is the smw-ll~amplitude synchrotron tune, [N
is the synchronous phase angle, and Ay is
the bucket area.

Booster beam loading parameters plotted vs
time. 18 the ratio of power delivered
to the beam to that dissipated 1in the rf
cavities, ¢ 18 the detuning angle, ond PT
is the power delivered by the generator.

Behavior of rms quantities 9
culated using Eqs. (2) and
booster acceleration,

and §
(4)

cal-
during

R¥ program for main ring during the 87.%5 ms
acceleratlon cycle,

Main ring beam lcading parameters plotted
ve. time. The quantities are defined as
in Fig. 2(h),

Behavior of rms quantities 6 and § during
main ring acceleration,
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